The development of alternative methods to animal experimentation has progressed rapidly over the last 20 years. Today, in vitro and in silico methods have an important role in the hazard identification and assessment of toxicology profile of compounds. Advanced alternative methods and their combinations are also used for safety assessment of final products. Several alternative methods, which were scientifically validated and accepted by competent regulatory bodies, can be used for regulatory toxicology purposes, thus reducing or fully replacing living animals in toxicology experimentation. The acceptance of the alternative methods as valuable tools of modern toxicology has been recognized by regulators, including OECD, FDA and EPA. This paper provides a brief overview of the topic "alternative methods in toxicology" and focuses on pre-validated and validated alternative methods and their position in the modern toxicology.
Introduction
The development of alternative methods to animal experimentation has progressed rapidly over the last 20 years. Knowledge of alternative methods and their use in planning and conducting toxicology experiments has become essential for modern toxicologists.
Alternative methods (alternative toxicology tests) are methods able to:
• reduce the number of animals necessary in a test, • refine toxicology procedures to make them less painful or stressful to laboratory animals, or, • replace animals with non-animal (in vitro, ex-vivo or in silico systems).
Alternative methods in toxicology
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animals, and particularly the number of toxic substances tested) (Russell & Burch, 1959) . The 3Rs provide a strategy for a rational and stepwise approach to minimising animal use and suffering in experiments, without compromising the quality of the scientific work being undertaken. A number of useful alternative methods have been developed for evaluation of the potential toxic effects of chemicals and products since publication of the 3Rs principles. However, it still takes many years to implement these principles into the toxicology praxis. Since 1986, the concept of the 3Rs has been supported by laws in the EU that require researchers and investigators to use available alternatives before conducting in vivo experimentation. The 3Rs Declaration of Bologna, which was adopted in 1999 by the Third World Congress on Alternatives and Animal Use in the Life Sciences, strongly endorsed and reaffirmed the principle of the 3Rs. Today, Reduction, Refinement and Replacement are basic tenets of EU research and other policies concerning the use of animals in scientific testing and experimentation. Test method validation is a process based on scientifically sound principles by which the reliability and relevance of a particular test, approach, method, or process are established for a specific purpose. Reliability is defined as the extent of reproducibility of results from a test within and among laboratories over time, when performed using the same standardised protocol. Relevance of a test method describes the relationship between the test and the effect in the target species and whether the test method is meaningful and useful for a defined purpose, with the limitations identified. In brief, it is the extent to which the test method correctly measures or predicts the (biological) effect of interest, as appropriate. Regulatory need, usefulness and limitations of the test method are aspects of its relevance. New and updated test methods (both in vivo and in vitro) need to be both reliable and relevant, i.e., validated (Worth & Balls, 2004; Balls et al., 1990a,b) .
Validation criteria for new toxicological test methods in use today were developed as collaborative efforts of lead scientists from both the in vivo and in vitro communities, regulators and other experts beginning in the early 1980's. The process was carried out under the auspices of three organizations: the Organisation for Economic Cooperation and Development (OECD), the European Centre for the Validation of Alternative Methods (ECVAM), and the Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM). These international organizations have worked together with external experts and national organizations such as FRAME, ZEBET and CAAT on harmonizing the validation criteria so that there are no major differences between them amongst different countries and continents (Worth & Balls, 2004) . Pre-validation and validation principles and criteria for how validation studies of new or updated test methods should be performed are described in detail in the OECD Guidance Document 34 (OECD, 1990) .
Typically, there are two types of validation studies, prospective and retrospective validation. A prospective study involves generation of new data while a retrospective study re-assesses existing data. A typical prospective validation process is composed of 6 stages (see Figure 1) . A retrospective study is usually limited to the evaluation of data submitted in a standardized and recommended form requested by particular organization performing the evaluation. A test is considered validated when its performance characteristics, advantages, and limitations have been adequately determined for a specific purpose. The measurement of a test's reliability and relevance and required for both types of validation studies.
Predictive ability and reliability of a test is judged by:
• Sensitivity: the percentage of positive chemicals correctly identified.
• Specificity: the percentage of negative chemicals correctly identified.
• Predictivity: the percentage of predictions for a particular classification, which were correct. • Accuracy: the overall percentage of correct classifications.
Other parameters assessed by the biostatistician during validation are:
• Reproducibility within laboratories -concordance of the classifications between 3 and more independent runs in single laboratory.
• Reproducibility between laboratories -concordance of the classifications between laboratories. • Probability for correct classification.
Alternative methods and models used for reduction & replacement
The following systems can be used as partial or full replacements of animals in toxicology experiments: i) in vitro methods (primary cultures, finite lifespan cell lines, continuous cell lines, reconstructed 3D tissues), ii) ex vivo methods (isolated animal tissues and organs) and iii) in silico methods: computer simulations and mathematical models, QSAR's etc. Depending on the objective of the study, correctly selected in vitro methods in combination with a deep knowledge of the tested compounds (obtained from databases or computer simulations/QSARs, analytical chemistry, etc.) may be more appropriate for certain areas of interest than their animal counterparts. 
Conclusion
A number of validated and pre-validated methods exist that can be used as partial or full replacements of animal experiments (e.g. genotoxicity, testing for local toxicity effects as skin corrosion, irritation, quality control of biologicals, production of monoclonal antibodies, safety testing of final cosmetic products).
As proven by several international validation studies, alternative methods have potential to reduce the number When developing alternative methods for more complex toxicity endpoints, it will be necessary to investigate the toxicology pathways and mechanisms of toxic action. At the same time, we will need to reconsider the predictive ability of the traditional animal tests and their concordance with effects observed in man. These considerations will greatly enhance our ability to produce relevant and reliable alternative methods for prediction of human health effects.
